This paper aims to present a methodological approach to create the sound maps with students. This work is based on several linking themes like sonic geography, sonic mapping and related educational issues. At the crossroads of different themes, it tries to show graphical representations of sounds obtained during fieldwork and it provides mapping choices that help the student map them as legibly as possible. The paper shows how it is possible to introduce sonic geography and sonic cartography into student learning at different levels. It also focuses on relationships between university and school mapping. Educational challenges have arisen in relation to these issues, including the beliefs of students in terms of knowledge and acquisition of skills.
teaching situations, depending on the age of students; and ii) to design a didactic transposition (i.e. the question of the didactic transposition as defined by CHEVALLARD 1985) of the spatial representation of sounds in two different situations (representing sounds during the fieldwork and sonic maps in classroom) ( Fig. 1 ).
Fig. 1:
Didactical transposition (from CHEVALLARD 1985) 2 Background
Definition of sonic geography
The relationship between sound and geography is a transdisciplinary topic studied by musicologists as well as architects, sociologists. In light of this diversity, what is specific to sonic geography? The first occurrence of a term for 'sound space' was the creation of the term soundscape by musician Murray Schaeffer. This term borrows the different features of landscape analysis. Associated with the neologism, the Canadian composer conceptualizes sound ecology. Defined as "… the study of the effects of the acoustic environment, or soundscape, on the physical responses or behavioral characteristics of those living within it" (TRUAX 1999 , in CURRIER 2011 .
Acoustic ecology has become the discipline of study incorporating sound space. However, this description of the soundscape is based on the quality of sound environments offered to listening that must be clear. This observation is followed by a distinction between hi-fi and low-fi environments. Yet, this dichotomy does not apply to ordinary, everyday environmental sounds, such as those in urban areas. This is one of the reasons why the research includes the concepts related to more careful listening and resultant analysis. The notion of sound effect tries to link sound object and soundscape. It is defined as "the manifestation of a phenomenon that accompanies the existence of the object. The effect "is noticeable immediately linked to all the circumstances surrounding the existence of the object" (AU- GOYARD & TORGUE 2005) .
Geographical approaches highlighting human perception as a first approach to understanding space combine sociological approaches (like the questionnaire) and more objective analysis (in conjunction with measurements of sound level meters...) (PORTEOUS & MASTIN 1985) . In fact, the geographic scale used is that of the place, containing sound events, in agreement with the idea that place is the center of sensory human experiences (Tuan, 1972) . This type of sound geography implies working on living spaces, daily scale. The sounds of a place are part of a broader concept: the ambient. They are defined as a "transversal and interdisciplinary concept denoting a situation of sensitive interaction (sensory and signifycant) between the reality […] and representation […]" (AMPHOUX 2000) . In this sensitive interaction, we discover the sound space.
The sound stage has three characteristics, it is: i) temporal -sound space is in a constant process of renewal; ii) discrete (in the Latin sense of discretum): the sound space is neither continuous nor homogeneous, unlike the visual space, always full and reassuring, it is even less than process of sound recognition which fits the cultural substrata and iii) it has a metabolic character: it means that the sound space has a hierarchy of fluctuating sound, the loudness function and its evolution. These three characteristics of sound space manifest themselves in the form of 'sonic marks', in connection with sound effects. These sonic marks are one of the characteristics of sonic territory (AUGOYARD 1991) . It is therefore challenging to define sonic space by virtue of these characteristics. If the notion of sonic marks is valid, it seems appropriate to introduce the concept of a sonic milieu, defined as "the set of material relations between a company and abstract reference and sound milieu" (ROULIER 1999) , while remaining in the context of place. This notion of sonic milieu can mix the two key relationships that we have with the sound: noise ratio, designed as a hindrance to quantify and report the sounds in a more sensitive and subjective way. Sonic Geography could be considered as the study of interactions in the sonic milieu. Thus, it is possible to build a first model for understanding simple sonic milieu (Fig. 2 ).
Fig. 2:
Geographic Sonic model Fig. 3 : Sonic legend by Krayser
Design sonic maps
Proposing design models for sonic geography cannot be conceived without a clear and direct link with the design of sound mapping and how to represent different components of a sonic milieu. Various attempts to map the sonic spaces have been implemented. However, noise mapping should be differentiated from the mapping of sounds. In the first case, Berlin was the first city to propose a noise map in the late 1930s. Since then, many regulations have resulted in the creation of noise maps for local communities. The European directive of 2002 clearly defines how to represent the noise and the need to disseminate it to citizens. This was a first mapping model to respect and adapt to different situations of large cities. It was an institutional quantitative mapping approach showing the noisiest areas, relying on mathematical models. In a second case, more sensitive maps were produced, based on listening to sound and the feeling of participants, often associated with questionnaires (ROU-LIER 1998). To analyze the sonic space, two types of data are necessary, but often difficult to reconcile. Different elements for graphic semiology of sound qualities have been defined ( Fig. 3 ), but with limited digital application (KRYGIER 1994) .
A first sonic GIS (named ChAOS) was designed at the end of the 1990's to graphically represent the different elements of sonic milieu, especially the sound effects (BALAY 1999 (BALAY , 2000 . It was a sensitive approach insofar as it was difficult to find a satisfactory symbology while maintaining high legibility on the interactive map. Besides the possibility to integrate different layers by comparing variables like population density, noise levels, occupation of the building, ChAOS offered the opportunity to listen to the recordings made on site (ARNAUD 2001) . The results of this work have been defined by BALAY (2003) as choreography.
Fig. 4:
Sonic territories designed with the GIS ChAOS According to KRAUSE (2002) and CAGE et al. (2004) a different mapping classification has been designed based on sonic distinctions. Three types of sound events were defined as follows: 'anthropophony' (sounds originating from human activities e.g. voices, traffic sounds), 'biophony' (sounds originating from biological organisms e.g. bird song, dog barking) and 'geophony' (sounds originating from geophysical processes e.g. wave sound) (PAPADIMITRIOUS et al. 2009 ). Three different maps were based on this qualitative approach, representing the sonic milieu of the lagoon of Antinioti at the northern part of Corfu Island in Greece.
Designing noise maps
The 2002 EC Directive imposes various structural elements on noise maps. Even if the web applications differed, the eventual mapping forms were quite similar ( Fig. 5 ).
New systems for noise assessment were introduced around citizen participation via mobile phones; the project Noisetube, based on a mobile application, may be an alternative to the citizenship models previously defined. It offers an opportunity for dialogue between local producers of official cartography and citizens around development projects (D'HONDT et al. 2012) . This system relies on sound recordings from a microphone laptop and uses the GPS for geotagging. A KMZ file is generated and viewable in a virtual world. Research conducted in Brussels used other visualization systems (Fig. 5) . 
Empirical and Mixed Methodology in an Attempt to Perceive the Sonic Milieu
To collect the sonic milieu of students, a mixed methodology (quantitative and qualitative), based on the use of mobile phones has been developed in conjunction with the elements of a geographic sonic analysis. It involves four steps.
Pre-experiences to the fieldwork
The first approach was inspired by the pre-virtual experience in a thesis devoted to neogegraphy (VALENTIN 2010). This pre-experience refers to the idea that sounds are recognized as being based on a cultural sonic substrate, the result of our past experiences (from the discrete nature of the acoustic space, see 1.2). Several pre-experiments are possible, depending on the area being studied. If space is visited on a near daily basis, students can indicate the sounds they expect to hear from the journey. Conversely, if a space is little known or unknown, students may immerse themselves in a virtual world and thanks to panoramic photographs, they could describe the sounds they think they might hear. By comparison with the sounds heard during fieldwork, the pre-experiment aims to show that auditory perception depends strongly on the students' sound memory.
Collecting data during fieldwork
The second step is to move along the path determined for the fieldwork, which corresponds to different types of space. Data collection can be organized around specific locations. Students are divided into groups of four and they criss-cross the space (Fig. 6 ). Each student in the group has a particular mission. With the help of various mobile devices and their ears, they try to understand and record the sound environment in which they are the centered. Four tasks are assigned to them: i) collecting noise levels, ii) location and the identification of types of noise, iii) localization and determination of perceived loudness and iv) collection of sound recordings. Different digital collections can be tabulated or graphically represented in spatial terms. These representations incorporate the precepts established previously (see 1.1): the importance of the temporal context (date, hour) for the determination of two spaces of sound diffusion (near and far). For sensed intensity, determination in one of five categories matches the possibilities of students in accordance with the questionnaires distributed by NPPE 1 . A digital version for website is in process (Fig. 7) . We had the opportunity to test NoiseTube but it was too difficult to implement for several reasons: it requires good wifi connectivity and it was difficult to properly calibrate a wide range of mobile phones. NoiseTube was difficult to use and to repeatedly optimize during longer journeys (Fig. 8 ).
Fig. 8:
Noise tube experimentation in a playground
Mapping data
The representation of sounds on a map with the students fits most approaches to sound mapping defined above (1.2). We chose to use ArcGIS Explorer Online to create and share the sonic maps. This choice was based on the possibility offered by this web mapping tool to make students use ArcGIS Desktop and collaborate through ArcGIS Online.
The four indicators may lead to the first four maps of data to analyze. Then these four maps can be synthesized according to the data. Finally, it may be possible to produce a combined map, representing all the data.
Fig. 9: Different representations of sound intensity
Choosing elements for the representation is challenging. The notion of sound mark has a direct link with graphic semiology used in web mapping. In fact, in webmapping, the thumbtack will gradually replace the point with the aim of representing a brand in the digital space to locate information in the bubbles. This was the first graphical element used to map sound events and create the first four maps. Similarly, the colors on the loudness match those used by ADEME (an environmental organization). They were simplified to characterize the intensity felt as five prime colors (Fig. 9) . Similary, in accordance with ChAOS GIS, all the recordings were made available for playback. Due to this multimedia addition, the form of the thumbtack was changed to represent a listening point (example in Fig. 10) . Noise types and descriptions were assigned to maps, introducing them in text form so they could possibly be re-used in other studies or courses. 
Sonic geography in educational curriculum
Several pilot experiments have been carried out over the past three years, on different age groups in primary schools, secondary and high schools (STAUB & SANCHEZ 2012). However, the full methodology has been implemented this year, through fieldwork with students aged 11 years old. This work was a part of the geography curriculum topic entitled "live near space" highlighting the importance of local fieldwork. In this instance, the sound recordings may be an approach that presents near space. In this perspective, two fieldwork visits were made by two different classes at different times of the day. In the first part of the methodology, only the sounds previously heard by students were selected because the near space was fully known by them. However, mapping was much more difficult because of the age of the students who had no experience in web mapping. In fact, though the hypotheses were designed by the students, most maps had to be produced by the teacher and discussed with students after.
One of the most striking elements of mapping soundscapes was the surprise, sometimes the perplexity in students' faces, of the results they obtained, which alters their relation to learning and knowledge. Another reason for this reaction was that the approach puts into perspective a complex situation. The importance of the contribution of the teacher was crucial to get the students involved in the process. Student motivation, especially the youngest, was often the result of the contribution of the teacher. One of the objectives was to highlight how understanding about space can be assessed in this type of teaching situation. To determine these capabilities, we allude to the learning objectives in the French history and geography curriculum handbook. This handbook defines seven types of capacity: locating and situating, describing, explaining, recounting, reading and practicing different languages, taking a critical look and exercising judgment, designing a sketch.
Links and perspectives with research in education
Sonic mapping fits directly into a socio-constructivist approach of learning in which students construct their knowledge from fieldwork, in a collaborative manner. It also relies on the concept of instrumental mediation of Vygotski and instrumental genesis suggested by Rabardel. They consider the instrument (here, mainly mobile phones) as a construction and a mediator for the materiality of the fieldwork, to yourself and to others (SANCHEZ 2007) . This notion of mediation is also found in the patterns of SHARPLES et al. (2010) . This work also questions the students' personal epistemology in their reports about the knowledge and beliefs about learning. PERRY 'S model (1970) , synthesized by MOORE (2002) can be used: it defines different positions in the learning experiences of students: "Dualism (positions 1 and 2) knowledge is considered as true or false and the teacher is the person who transmits truths. The multiplicity (positions 3 and 4): This category begins with the modification of dualism when the person realizes and accepts the existence of unresolved issues. However, it considers that this situation is temporary and that eventually; the truth is accessible; because the truth is still considered as the ultimate goal of the research. In position 4, we can observe that students will consider issues for which there is no solution, there is no non-arbitrary basis on which they can be based: then all views are valid, and everyone has the right to have their own ideas. The contextual relativism (position 5): where knowledge is seen as contingent and provisional because it depends on the context of thinking that has arisen. The transition from position 4 to position 5 is marked by the awareness of the individual learning process which requires choosing one's own point of view. Personal commitment in relativism (positions 6-9): for Perry, the transition to position 6 is that of intellectual considerations to legal, that is to say for affirmation of self, identity, values, and ambitions" (KRAMAR 2012). At first, we will try to evaluate in which posture the students are. A more quantitative approach will be necessary to validate this first approach. Didactic transposition is also a central point in the relations between sonic geography and educational situations. Introducing sounds and noise in studying geography is part of an innovative approach and must be based on sonic geography in order to validate the educational approach.
Conclusion
Different aspects of sonic geography were highlighted in this work. Besides attempting to synthesize the concept, this article also aims to show the many aspects of sonic mapping. One of the objectives is also to create a constant dialogue with the learning process of space through sound in its many definitions. This dialogue is far from giving us the full extent of its wealth. This study can be considered in relation to many other aspects. It would for example be interesting to show how this approach could be carried out with students using a VGI (Volunteered Geographic Information approach (GOODCHILD 2007) , where crowd-sourcing is used. To paraphrase the formula "citizens as sensors", could we not speak of "students as sensors"? In fact, the previous acronym could be turned into VGIE (Volunteered Geographic Information for Education).
